The aim of this study was to observe the effects of different test conditions on the flexural properties of root canal post. Metaland fiber-reinforced composite root canal posts of various diameters were measured to determine flexural properties using a threepoint bending test at different conditions. In this study, the span length/post diameter ratio of root canal posts varied from 3.0 to 10.0. Multiple regression models for maximum load as a dependent variable were statistically significant. The models for flexural properties as dependent variables were statistically significant, but linear regression models could not be fitted to data sets. At a low span length/post diameter ratio, the flexural properties were distorted by occurrence of shear stress in short samples. It was impossible to obtain high span length/post diameter ratio with root canal posts. The addition of parameters or coefficients is necessary to appropriately represent the flexural properties of root canal posts.
INTRODUCTION
A root canal post is placed within the root canal of a tooth being restored in order to hold a filling or core in place. Root canal posts are placed to protect the cervical region, and they have also been shown to be beneficial even with sufficient residual coronal dentin 1) . In the presence of a root canal post, cervical stress levels are lower than when no root canal post is present. A variety of instruments and techniques have been developed and described for this critical stage of root canal treatment 2) . Metal root canal posts have been traditionally used for root canal treatment. Pre-formed posts, especially those made with glass fiber, have gradually replaced metal root canal posts [3] [4] [5] [6] [7] [8] . Glass fiber posts decrease the likelihood of irreparable root fractures compared to traditional metal root canal posts [9] [10] [11] [12] . The elastic modulus of glass fiber posts is closer to the modulus of dentin structure than that of metal posts [13] [14] [15] . The elastic properties of dentin are of paramount importance in all discussions of tooth strength. Dentin elastic strength is determined by the microstructure of the intertubular dentin matrix. On the other hand, dentin elastic properties are correlated with the tubule direction, which is a direct consequence of the orthogonal relationship between tubules and collagen fibrils [16] [17] [18] . These elastic properties are also called flexural properties.
Furthermore, flexural strength determines the fracture resistance of a material. Higher values indicate that the material is more resistant to fracture, while lower values indicate that it is less resistant. Flexural strength is determined as the highest load a material can withstand, and it depends on specimen configuration. The flexural modulus parameter defines the flexibility of a material. Higher values indicate higher stiffness, while lower values indicate greater flexibility. The flexural modulus is calculated by taking into account the elastic behavior of a sample within a load range that will not cause plastic deformation [19] [20] [21] [22] [23] [24] [25] [26] . While there are published studies of root canal post materials, there are few studies concerning test conditions 21, 27) . As a result, these studies were limited to specimens, not products. However, commercially available products are used to treat patients, not specimens. Therefore, it is necessary to directly measure flexural properties of commercially available root canal posts.
The aim of this study was to compare the flexural properties of three metal and five fiber-reinforced composite (FRC) root canal posts with varying diameters at three span lengths. Three-point bending test was used for this purpose according to the procedures of the Organization for Standardization (ISO) and the American Society for Testing and Materials (ASTM). It is hypothesized that the flexural properties of root canal posts are not affected by their diameter or the span length.
MATERIALS AND METHODS

Materials
Three different metal posts and five different FRC root canal posts of various brands and diameters were tested. 
RESULTS
In the three-point bending test, all root canal posts showed linearly elastic behavior up to a certain point in this study. After this point, a typical measured load-deflection curve up to failure is plotted. Failure consisted of fiber fracture at the midpoint of the rod on the compression side. Metal root canal posts exhibited buckling and deformation, while FRC root canal posts had the marks which were stabbed in the midpoint.
Figures 1 and 2 present the flexural strength and flexural modulus of all root canal posts, respectively. The highest flexural strength was obtained with stainless steel (Fig. 1) . All of the metal posts demonstrated a greater than 1,000 MPa flexural strength, while the FRC posts demonstrated lower strength in the range of 500-1,000 MPa. The flexural modulus of FRC root canal posts with diameter ranging between 1.0 and 2.0 mm were within a range of 10-40 GPa (Fig. 2) . The metal root canal posts had a greater than 20 GPa flexural modulus. Regardless of the post type, the flexural strength and modulus were dependent on the span length and the post diameter. It is possible that the equations for flexural strength and modulus did not reflect changes in measurement conditions, resulting in different values. Conversely, span length had a positive effect. Therefore, it is plausible that flexural strength and modulus are directly related to these variables. As shown in The multiple regression models with flexural strength and modulus as dependent variables on metal and FRC root canal posts were statistically significant. However, these models were not fitted with linear regression. 
DISCUSSION
In the present study, FRC root canal posts of different materials had similar flexural strength values. Titanium posts were half as rigid again as FRC posts, while stainless steel posts were almost twice as rigid as FRC posts. Metal posts were stiffer and more resistant to fractures, which is in accordance with the results of a previous study 19) . The flexural modulus of metal root canal posts was generally higher than that of FRC posts, except for the carbon fiber posts. Previous studies have shown that the flexural modulus of human dentin ranged from 8 to 52 GPa, with more appropriate values ranging between 18 and 20 GPa 16, 22, 28, 29) . This range (18-20 GPa) is probably more appropriate for strain rates encountered with physiologic loading 16) . In this study, FRC posts matched the flexural modulus of the human dentin. In addition, earlier was shown that their stiffness is also similar to that of dentin 13, 30) . Therefore, it becomes clear that, clinically, FRC posts would be more suitable than metal posts.
Each value was confirmed to have specific tendencies confined to FRC posts. Values for metal root canal posts were also transferred to a 3-D plot, but specific tendencies were not demonstrated due to limited amount of products and high variation (data not shown). Accordingly, the regression plane models for flexural strength and modulus of each metal root canal post were not statistically significant (p>0.05). For FRC root canal posts, both flexural strength and modulus increased as span length increased or post diameter decreased. This result indicates a systematic error in determining the flexural strength and flexural modulus values 21) . An error was also confirmed by the x-and y-coefficients of the equation acquired from the 3-D plot of flexural strength and modulus for each FRC root canal post. The coefficients shown in Tables 2 and 3 indicate that an increase in post diameter negatively affects flexural strength and modulus, whereas span length positively affects these variables. Based on the results, the hypothesis tested in this study was rejected.
Although the 3-D plot showed specific tendencies with a clearly expressed equation, there were large coefficient values. This means that the effect of post diameter and span length were limited, and some other parameter affected the results. This value was previously inferred to be the span length/post diameter ratio 21, [25] [26] [27] 31) . In the present study, the span length/post diameter ratio of root canal posts varied from 3.0 to 10.0, which is lower than the recommended value. A lower span length/post diameter ratio produces more shear deformation 25, 32) . Result values were presumably distorted because of increased shear stress inside samples rather than tensile stress with low span length/post diameter ratio 27) . Formula modification (e.g., extrapolation) is needed for short beam materials, such as root canal posts.
As seen in Fig. 4 , maximum load values increased with increasing post diameter and decreasing span length. As flexural properties are unique for each material, the calculated values should be constant even if test conditions such as post diameter or span length are different. However, flexural strength and modulus were different depending on the span length. This was also likely due to distortion caused by low span length/ post diameter ratio, as mentioned above.
Statistical analysis is shown in Tables 4 and 5 . The multivariate regression model with maximum load as a dependent variable showed that increases in the diameter of root canal posts and span length/post diameter ratio had a positive effect on the test outcome, while increases in span length had a negative effect. As the span length/post diameter ratio increased, all values of metal root canal posts increased except for flexural strength. These results differ from those of a previous study 21) , possibly because of differences in statistical analysis methods. In the current study, multiple regression models were analyzed using a stepwise regression method that was different from that of the previous study. Therefore, some of the predictors were omitted or their coefficients were altered. R 2 values were low when strength and modulus were used as dependent variables and were analyzed with a multiple regression method. The span length/ post diameter ratio is clearly a crucial parameter for ensuring correct flexural properties, as a low span length/post diameter ratio caused increased shear stress rather than increased tensile stress. The fundamental material properties of flexural strength and flexural modulus cannot be accurately ascertained using short samples 26) . For high-strength engineering composites, a high length to diameter (L/D) ratio (40:1 or 60:1) should be used in order to eliminate the shear effect during the three-point bending test using ASTM D790-10 21, 25) . ISO testing standard 10477 specifies three-point loading with the span length/post diameter ratio of 10 31) . In addition, ISO 178, ISO 4049 and ISO 10477 specifies three-point test with span length of 20 mm and ASTM D2344-00 recommends applying L/D ratio of 6 or span length/post diameter ratio of 4 for determining the short-beam materials 25, 33) . However, it was impossible to obtain high L/D ratios and set span length at 20 mm on commercially available root canal products because root canal posts had thick diameters and short lengths which limited span length. Therefore, in order to follow ISO standards in analyzing flexural properties, only specimens, not samples can be tested. In some cases, the reinforcing effect of a composite might become higher when the span lengths close to the length of the fiber are used as test conditions instead of the lengths described in ISO testing standards 34) . Accordingly, other parameters or coefficients needed to be added here to ensure correct measurement of root canal products.
The compressive behavior of root canal posts has been tested using vertical compression mode or a onepoint bending test 3, 20, [35] [36] [37] . The compressive behavior of root canal posts is important in clinical dentistry because teeth are subjected to compression loads during mastication 20) . In this respect, a one-point bending test is more appropriate than a three-point bending test to measure root canal products. In the current study, there were some systemic errors in the three-point bending test because of limited measurement conditions. The three-point bending test was used to compare the flexural properties of materials relative to one other. Guidelines for measuring flexural properties of root canal products are needed to reflect the above limitation. Dimensional properties of root canal posts have also been studied in this regard 1, 13) . Further study is needed to demonstrate accurate equations for the flexural properties of root canal posts.
CONCLUSION
The flexural properties of metal and FRC root canal posts varied with three-point bending test conditions, such as post diameter and span length, even in identical materials. The span length/post diameter ratio is a crucial parameter for interpretation of flexural properties. However, it was impossible to obtain high ratios with root canal products. Equation modification was required for application to root canal posts. The effect of flexural properties on low beam materials such as root canal posts must be considered.
